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(54) [aw©**] 3Ba;tfXiSMttBtt# 



(57) 

[gift] -iP^X*-(b^«^b«5=&)i!«^<!: 
aHa**t^-C*iJ:5K:-r-5.ii*>{C. LaAlO, 

mm) a<*att2±«:«z r o 1 -c$m$ntc7)i> 
5^i»i8H2';T<k*s«i?i/fcmiii4*M3n > -e 

UT£#&#Ucg!216#^J&£ftTfci3< ffflJS4 

» 6 icun&mt itn-7^A8 n 




s **%&z r o, mmxit&mmbtcm i m 

4. IWB»l»±«:«W&n-liaLn,-xAxMO, 

djyyg. Mttsg&iit?. i»rntiauitt2«K 

±. 0<x<l) -CwSti&^o^*^ h&M&Ott 
£IMb»**&»2)i4***.. Me* 114*21© 

mmmm. 

m*m 2 ] mm i a 48 2 mvptu < 4 *>-;£«: 
«c e&tf z r x«s e.^cc e im®%±m&®*-£ 

4«ISttiMb()i*^#l/"C^*ll»3|8« l fcEft©»*W 
aflKtllttft. 

[000 1 ] 

[mM±<ommftm *&wk8 0 0 -c* dintoh* 
xt>-mit%& (co), &fb*j& (ho R&mtm 

m ( N O x ) ©^b66£fc«nfcgM!W*iWbffl= jnM 
[0002] 

imam) *±a&ii. r/u*y±«4Biac«Ki 

KftftK. CO. HCftbfNOx*»ftr*3M&SWl 

9 - 8 7 0 4 6^&fR, ttffllB6 0-82 1 38 
#&$#JH) . UfrU "*n7x*<f bStt6BKbfttt 
$gtt8 0 0T^Tr«Wr*©*B«4L'C*»K gib 
W^ffllWKOJ: 9K9 0 0 "ceuionaiUK^n-c 
itfr>il**fiH**sfiW4U fro»»c©WXtt*Wfrr 
*iBB**ftW6«:iS. +»«clWI4Bc>itttc>. "Tie 

twm&mimt. 9oo*c«±© 

[ o o o 3 ] gfc. ^a^xtf-r h&tk&llttfttic 

0, HC©iWbtWJtt«#ra»S#. NOxCWWblWj 

m^otfco, gib*«M/;*H©=7cttJft4 or* 

)SK*J"4lCBWiai>. -ecr. NOx^{b«6* 
^P^*-(HMWicSi 

57 <IMt7*%~9A: A 1,0,) tt9 00*CJJLh© 
BttftMfcftJMJftfc 9 0 0 "CfeLhi l» 5 <fc 5 fciSfiSTC 

sttft#§^. Jt^*«irrsc4##x.6*-i*. 

[0004] 



0 ^Wj¥7-803 1 1 

2 

**«W»"C 8 0 0 •c8K©*»'Ctt« Lr t>* t . ^ a 
:7**-f HflKi©ffllS4'©La3&S7;l'S^4SJEU"CL 
a A 10, Ci*»W!ll/te. C©LaA10, 

{fc»*jlWiBS»4t. 7*3*4#*S**t:4fcJ:-9 
10 (C. LaA10,©ft«*»ifCJI«iffiffl*«»S*5 

j;^ki fcatei*ffitt-r * 1 4 * @kj 4 f * *>©?& 

[0005] 

[■W**fi«"*fca©#R] *fW3©**#*iWWB 

MMa. ffl««t±K«^ e>n. *i>tt < 4 *>7* 3 7* 
^*z r o J *as»nxtiaaK}a#u/t0ii4. *© 

mi±tCRtt6tlHtt£Lni-xAxMO, (Lntt 
Ce*i< tt±9R&]I. A«C e JUtTto* 1>±S& 

m, M\m®&mx, ^-rnt.iax«2a«± ? o< 
20 x < 1 ) -ctk§ t»*tn^* a vwffi&vmimtm 

**W*214***.» ftlJI4ft2j|©4>fc< 4fcl* 
■fft*fcj»£IBjWBJ*SJvCI,>*. ffSLOfttt-Cl*. 
mifcl^l©#tt<4fc-#K:»CeR0tZr. X 

**»^BWb*xwa*#4 o r ivsKjftttitfbigj^ 

[0006] 7;i/5^^W^ttK<b®»-««:jttjiiS» 
©fifl£4Lrffii^nrc»-5©4ig«©ttS8 <«nk. & 
flt SB®. IfcSM) -cffli»*i«J:i». «*.«. Jtaffii 
30 »Bl«8^'£iS^»ttS8«:«JfT4fc«). 2 0m'/ 
g«±*iM$ Hf»ttlWb«»it>©G e . Z r . fc± 
«ftW©Jt»»Wcll«RS*itel>^ C e © 1 0 0M-7- 
iC^L/tZ r»5~l OOM-?-. W$ L/< «5~5 OH 

^ ce w^©*±s^ji» 0 - 1 0 0 m-, b< 

B5-3 0M : F©Il : F-Jt4^SJ:^(cfltfiSrS. 
[0007] 7^5 ^«MMtWb»K J: *^*«. 8 

0 0 'c*Mz.zmu-c&&f®mm btc®x bimimz 
■matm^iam^itsmt bxm-a* no 

«X+Q95->X\.*&. *Ct. NOxKSttSffittt* 

*>&iubicrt9i?'9i>tt Eon&m&psmi bit. n 
m®x.vvitmmfi&c d . Sf&b^i^tbaii 

8 0 0 X!««^«Mr^J|ftM©mS«sjfi»tC < < . 

50 mtimmmmmtiz. 
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[0008] *mncm ztmssfo® 1 o-c*&^a 
* a \- ®&&m<mo®£izm : £m<D 1 - 8 o m 

C000 9] mimmvt>zfb&®te£i&ifc(»R 

u. Rh, Pd, Os, I r&tfPtC^freiilJft 
fcl«Xtt2i«l»l>. Ctl6©g£f!©5%P 

d*«t>fc«&«:NOxjWki»ttJW»*fii±"r<&. ft& 

IS©««M^»{C*f b 0 . 0 1 ~ 5 MS%, as L < 

«o. i-2m%*jj;^. s&m#o. oia«%<fc 
ztm $s&. tbsnfan -ejH^a. c© 

<fc5(C> *^BJ(c**>5)W!^«, 8 0 0'C4M^5«a 

s. 

[ooio] *^©«fi%Sjtf &#&©5*>. 
mztmzaziM'CiZv h*4kt3W4 i o«t o At 

Hfc^Stt-SI!!-^ S^&;to§&©pH*4«T 
£-*-£#£©»£», *^ftt«^M«<bLTBPdC 1 
PtCl,. RuC l,-3H,Oft£<Z)tti'Bft. Pd 
(NO,),, RuCNO,),, Rh(NO,),«ti*©f®fi. 
PdCNOtMNH.),. P t(NO a ),(NH.),tt£®2' 
i h Oi?T 5 >Wt £\ *^**3^1£*^T *>©#*? 

[0 0 1 1 ] JI£M«*&«©pH*l 0<fc»)**< 1/ 
Tft£JI£ti8-r*:*}£©i8£«> f h77SW^y 
")Ayi»a7>f FPd(NH,)«C l,^h57S>^ 
^■ir P d (NH,), (OH), fc £*©&»tt*?§ 

$^7>*~7**>K£?SSjJliLTpH:>i otcftSiS 
icmmbxm^zfr* Pdci,. ptci,. ruci 

f -3H,0&£©ttlk». Pd(NO,) Jt Ru(N 
O,),. RhCNO.fti'CTO, X«Pd(NO,) 
l (NH J ) l> P t(NO J ) 1 (NH J ) 2 ^i'©y-hD^r 
5 >&&£*©$H^$$K:7>*~7*£®MUT p H 
> 1 0Ktt*«fc5KimLTfflt»*. 
[00 12] 

[»W©»*] *»WCttZ r 0,*»jHLfcXtt»B 
«:Ji^o/cT;i'5^?:^tj0i)i±^o^x*'f 

«£BWt**£t»» 2 n£» n b . p dta nonsm* 

[0 0 13] 
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[HJfiW] 

±tC^Sn/cfel!«Ji©8|J»»rffi^t>0fc*>©T* 

-s. !ii*SM2±{c«zro 2 -c*aa3nfcT;i'S^<k 

W$Hz !/ 7 ( (C e . .„ Z r . ., . Y, , )0 , $£SMb 

no ^#ufcni@4*«sn > *©»iJi4±K 

\fr<xi7*UA hSH^fc!gJCLa ( ,..Ce.. 1 )CF 
e„. f Co,.,)0, iiFlBt MIMs 'J Ttfft&Lfcg 
2)S6*^3n-r*5»3. HlJi4;Rtff&2]f6{C8ft 

[o o 1 4 ] &fc. 0 lciasmssit-rs^aisc-^ 

#W1 : T^S^©b!T^!M 

lfiJ!&©r-A 1,0,$*1 0 0SS$fc-f*>£&*5 

3i;KZrO,»4 0.12wt%) 4 9. 9M$* 

A l,O,l0*fcta*TBi$U 4 0-C-T3 o^ra^o 

r©»3-e-5. *©&, 1 1 o'ctc^ss-a-fct- ^> 

20 *-c$a*3#-£>„ 3 0*K:<!:tC«fc<SC#U *#*?Rtfc 
3tffc&. 1 1 O'CTl 2B#H^3ti-i„ satsucf& 
S^^m»r^*T6 0 0-C-C3B$HI«lfi!6L 

ZrO, fcftffi&CftffcStf fcA 1 , 0,t&5frS:®fc. A 1 , 
O s £Z r 0,©SfiJtttl 0 : 2t?*r>/to 
[0015] #JM2 i W^tt^t^3©$?® 

Lxm^ set©* sKmi4iKfbiB5«. ismomibm 
moMit-t u f <c e o.jtuisa lao-mv 

30 g. ^Eg9 9. 9%/TREO (£#±SBMb13j) ) 1 

ii. 9ezmmb. cn{c*+^Ky;i/3-^A 

(Z rO(N O, (?KJt*l. 51, ?gt|3(cZr 

0,^^25. 0SS%££ftS> 147. 9g.R 
OTMI-f* h'^ACYCNOO^f^ (&Jt«l. 6 

2. **(CY,0,»©-C2 1. 7m3.%££ftZ>) 2 

e. og^m. «fc<aw*i/Tai*o«c*»6i i o'cv 

1 0B#ffl^4i-C^l/te. -5-©^ ^*-C6 0 0*C 
VSVmmi&ZftfoK ffimtVT {(Ce,.„Zr.. 

3 . Y, .„)o,ii^mfc»} zm 1 5 o gftte. 

40 [0016] ^1B3 : ^a^X* A hStt&BKffcftl 
#SS»^©KJt*tt 

^P^X^7-Y hSS^bt)(La 0 .,Ceo. 2 )CF e 0 . 6 

Co..OO,»*©i«t*ffi*«iH-i-*. 

103.9?, H®*';^A26 .1 g, 58l8="'OH-3 

4 .9 g. 7 2 .7 g*i&*mmLtc7m®o . 

3 >; ? MbfcJB&bfc. %tc. if«l*i3KiJiL.rKS(t 
h';^A5 0g^)l?l/te*^?K0.5 U» F;U«rfflit 

te„ -?-©^et!BJ=S:+^*)5feL/. ifi&Ud^ *^l£«8b 

so te. cn*eoo , C'C3«M*»ttitr*i«ii, tftftu 
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(C*&#U (La,.,Ce. .^CF e„ ,»C o„ .„)0,©f& 

[0017] #Ji4 : 7^57©tI8 

i vntc Z r O , tmmfrOA 1 2 0 3 0 0 * 
MSB. ^« 2 VWtWk* 0 T3f»* 5 0 fiMSS. 7^ 5 
(A 1,0,^1 0.2 3wt%) 4 0M9S. S 
Cf^7*3-$A*** (SWrA5-->i,7*B» 
£J*>k8Mg|5K:?§8?l/fc < b©) 1 5S«Sfl£*fi*9 7 
a*8Pii fetC^-Jl'SJKC'r 1 2B#ratS£u *5 0 

jyVblc. X5 0-3-h^©^*A%12O*C-C 
1 2B#ra£j!8l/m ^*-C250-C v H$B&J£U 

©jhj$si*^-#a;§si 0 » M/£«3 6 o*«8Bt& 

ofc. C©K8S«0 1 ©ffifc«tt2±&CZ r O.&Sft 
#©7* 5 ^<b MM* 0 7 t#*#l/fc?fl 1 )f 4 

[00 1 8] »H5 : ^P:/*#>f YW£&Wm 
©S8 

& ^*2-c»fc«*-by7»*i5aM». -fey 7*/ 

1 0 w t %) 5 0«»9S (@^-C«5*fi 
SP) > REWWa-T*/* (iM3 0wt%) 3.3 
SBfll 1 MSB) £@J&##5 0 w t 

j; SKisfoM 8 . 7ftaajt <t 

(CJ:0 i 2l$ffl©ftO&#6tB£bTX7y-£&fc. 

<;-4#li4-C^fc7^5 7Jift:>'N^*AK:^ 

asi*^ &$©*•?'; Jfr-fca-y 

-tytfbtc. C©^?0-3-h^<D^-*A41 2 0 
•C-C 1 2WIW8iSttk»> 2*W»6 0 0 -C-C3 
j£LT7;v 5 (81 B4) ©iK^a^x*^ 

h SfteBMH* y 7£#©fflJ#Jf (» 2 d 6 ) 

«*»fl3»i«ll** 0 7&#© ! HJ#)g«^-#Ag« 1 

0 » h 9 0*SgB"C*ofc. 
[0019] »1}6 : ft£fIPd©iB}# 

»^i^A&$ (Pd?g@f4 .4wt%) £Pd# 
t?l .6 7S»SB<!:fc£J;5K:3 8ft^tU J* 
>SaMc5 0M»*Jnit. pH<2 (IiHliJpH = 

1 .8) tcgii3uyt 0 c©/"«5s?^A««K:^ii5r» 

TPd4«JtS*ft. ■€■©». 1 2 0°C-C1 2B#H|g^ 

s«fc«. SMt(j-c6 oo'crsetra^o. hi©w 

[002 0] (JBtm) H2tt*2©Jt)Wlft&t> 
AJlftStt2J:©Z r 0 2 ««l»*7;l/57iWf»-fey 



) &gB¥7 - 8 0 3 1 1 

6 

«>© &mi* 0 7 1 ifiim btci>®& b 

[002 1 ] &(C. 02©#S560!]©$i5£:£iifc^"tt& 

wt z>. t<msmx\m$m i ©#«3 twc^u •? 

S„ *©#B4l/ttt» |»<5^A«« (Pd?iS 
4.4wt%> £Pd#-Cl .6 7**SBifc*J:5K:3 
8M8BH-RU ^*>£&*5 0m*gi5£J)n;i. PH 
L0 < 2 (HiJfflti p H = 1 . 8 ) (CiBiSl Lfc. C©ii^ 

u 4o-c-c3o^Bi^ttfc. •£©& 

#61 2 0-CCl 2IMMHIU SSH^QOOWSH 
MttfiXLAift. «>©5?Urct&#U 180wm©^? 

5««fc»L^l/^<9^$*tt£lllfl , 'ei .6 7 

m&mcmtz. njawi©*JH4iisi«tcfi(«sM 

2(CS&lJ14£J&35Lfc«, «WI1©#*5"C*2,1 
^ccR^.r±ia©¥Ji-cf#fcPd^Jo^n7x*-f h 

mm&mim®3izm\,>-cB2miozBi&b. mz<o 

[0 02 2] (SUfit^3) ®3«m3©Hlim^b 
tci><DV$>&. ffl(*St*2±«:01B12tb-CZrO 
,«^l*SftC Stiri>ftl>7* 5 7 tBJUMz 0 7 <!: ^ftff 

s*wB3»»dssti. -eco^atcz r o, i 4*ia^3 

30 HI 25^12 m 6 CC*^R©^ 5^ <0J*Z*fflftb X 
OS. 

[ o o 2 3 3 a 3 vnnwoim-mkK^xwim- 
z>. m&w\o^4X'i&mM2K.m\m*v- : r a 

>#tm> Z r O t Wm*XDT)\< $.*®3ilcKX.-C 
UtiMfDr - A 1 , 0 J 8**£ffl^T7;l'3 7!U#^-* 
Afift^fi/c. ^tC. ^J/IW^a-f A (ZrO 
(NO,) ,) (ffilt«i .5 K Z r 0,&g-C2 

5.0 wt%) 7 2MSMC*fok3 7 8**SB4ftlA/c 
«K(C. C©7^5^t^F^^*A^amL. 

40 »=&K»^-a-fc„ ^©f& i2o-cri2^ra^s 

6 0 0'C-C3^FfflglEfiSUr7;l'57iW^H2y7^ 
ft#-t£f& 1 » 1 2±KZ r OifS 1 4=&^fiSU/c^ 
*J*VW>7)\<Z'mc a C©^^*Att-y>7 , ;P=lrffl^ 
"C, 1 <D^m 5 RC/#li6 «r«^lfe LT. 03© 

[oo24] (mmm 4)04 »^4 <ommm^t> b 
tc&ov&z. f&imi 2\t®3 mb<T)\>z*m 

^•fe'J7^??t/cl-C*)f). -e©^BJCZ r O, 1 4 
'fetUtU-Cl.^o jUlJil 2±K*2lil 0 41/CH2 
50 two, FHtt^BWbBrtJ^K^^A 
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xm. ®4®m)foMmmzMkiz> 112, 14 

■?x$mirl>zti)ix%Z>. 

[oo2 5] (lust's) ®s\mb<mMW*Wbb 
t<D*mmx*>z>. zoyhK-^v^KUJ bm&smt 

W£ffi®tV7<D&ftbtc%l2m6ifiJ&tiZ2tlXl,>Z>. 10 
mi@4(C»>'^y , 5A8^!i^fSn-Cl^. 05©^ 

mmit, ®i<Dm}MM<D$i&ii&icte^x K m2met 

[0026] ) 0 6 tt£6 ©JUSmat>U 

/c*>©r*S. lfHJI©#j£tt@3©^!SW<!:li30<. 
Z r OM&ftftZtlX^te^TfrS * tm%k*)\>7 L 

©&#a 1 2±(cz r o, i Awtmzfttcmxb 
z. «e©mai 2±ccs5©ffr2JiiP)c<. 

* # 4 h <tlf &-te 'J 7£ ©&?¥)1 6 **BJi5i 20 

$4rct>S„ HiBl 2(c»A , 7t? , ?A83&5ffl^F3nT 
C>*. 06©^lfeWltt. ^1)11 2. 14©»£I23 
©g£J6fl|R:fi£oTtT&t\ ^7^-5A8©ffi^Fi®2® 

6 ©j&££0 5 o^(c«o rtift 5 c t «: <fc 0 g&§ 

TZZt&XZZ. 
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[0027] (HSS0U7) MKOmmt. 01K*st,> 
Tig 11 4 <bST 2 1 6 biptMQk* 'J r *»l»fc *>©? 
H7 0XJMf|tt. 01<D^!SW©mil4SD { m 

iMt«»5iai* 9 0 3 C t K<fc otiiTi 

[0028] (tt«Wa) WSWatt. ^P^*-f h 
SltelMbtt. W^-te 'J 7R0 1 Z r O , jGOtf £ $ tlT 

5(c*$i»r z r o,«M^&snru&i»7^5 *6 o 
sagp^aiA. K**io8,7M«tu ^a^x 

* ^ h St«£K*l5BJ, iSt^-fe U 7£tf 7;W 5 *&#©& 

MfuM i y f h*ao 1 8 ommwttzc t 

K:J:9113W*C4#"C*S. 
[0029] Ofctftttb) HS««btt*r-Cfc»!{fc3*i 

ri>*i«wwii«ir*ip t -Rh/A i l o,mm^ 

t - r h £Wfi» 0.54 aasp-c*) -5 fc. ^jfetfuso' 
jtia^M«itt«**i«:*i/. -en-en©)i!Bi?gi4© 

0 x»f k&a&m I, & *> ©-c * * . 

[0030] 
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[003 1 ] 



[312] 



t 



(7) ft®*! -803 1 1 

11 12 





«BB5 0%«Wfc«« CC) 




CO 


HC 


NOx 


CO 


HC 


NO x 




1 60 


16 1 


1 6 2 


228 


2 3 3 


2 2 1 


mum 


156 


1 6 2 


1 60 


2 2 5 


2 3 8 


2 1 6 




16 1 


1 6 8 


1 6 7 


23 1 


24 1 


2 2 2 


$mw4 


155 


167 


1 6 8 


224 


2 34 


2 1 9 


mmm4 


16 3 


1 7 1 


1 6 4 


227 


2 3 9 


2 2 6 




166 


1 76 


16 6 


230 


244 


2 20 


mm 4 


172 


186 


1 70 


24 1 


2 7 2 


2 3 8 


nam a 


17 5 


2 0 1 


1 9 7 


2 8 3 


2 84 


2 6 8 


tt&m 


19 2 


20 7 


19 7 


28 5 


2 98 


2 8 1 



l0 0 3 2]M®&&<DfflmtMZMM\mT<D<i; 1 !>< l C *NO. CO. HC (C.H. + C.H.) OZtlZMmm 

igK©5 0 %&cffiTUd&&£ 5 0%mtU&t-?Z. 
fm.^<DW\»L [003 3] Sfc. ') "j?tfZtV-yrtZ&.Zfn?tl 

Ai*A« (^;l/^t4 0 0/inch') 3- f ;i7-f hfi 1 #S(C^0^fc. B4$£a*#X?£©£lffljie (S 

f*(fi&3 0mm. fiS 5 0mm) (EtU^S tltcZtx? V) B3 0 ,0 0 Uc. 
ft©IW*TE©*^l';tf*K'C^*8Wet/fc. #X [0 0 3 4] 













y 


->iiX 


CO 


2.6 % 


0 


.7 % 


HC(cgs©?sa) o.i9% 


0 


.19% 


H, 


0.87% 


0 


.23% 


CO, 


8 % 


8 


% 


NO 


0.17% 


0 


.17% 


0, 


0 .6 5% 


1 


.8 % 


H,0 


1 0 % 


1 0 


% 


N, 


gas 







[00351 WflJ31i {Cj:9CO£N0X^bttt&£iS&«>> 3 fcfcTBK&fi 

±ia©y v ^#x<b -ytiz* $®&tcmwiz.x 9 8ufc«£fc«Hc^bttt&mh-f £. TJf©#«:ffl 

00*C"C30^ 7 5 0-Ct?3 O^KD-y-^i'^l 511 40 80fc>i£tt#fcHC^bffii#fa±t/fc. ^d^X* 
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(54) CATALYST FOR PURIFICATION OF EXHAUST GAS 

(57)Abstract 

PURPOSE: To obtain a catalyst maintaining its activity without destroying the 
perovskite type crystal structure even at a high temp, above a specified temp, by 
disposing a specified 1 st layer on a carrier substrate and a 2nd layer contg. a specified 
muttipole oxide on the 1 st layer and carrying a noble metal in the 1 st or 2nd layer. 
CONSTITUTION: A 1 st layer 4 contg. at least alumina and further contg. Zr02 added 
or carried in the surface layer is disposed on a carrier substrate 2, a 2nd layer 6 contg. 
a multiple oxide having a perovskite type structure represented by the formula Ln1- 
xAxM03 (where Ln is one or more kinds of rare earth metals other than Ce, A is Ce or 
one or more kinds of alkaline earth metals, M is one or more kinds of transition metals 
and 0<x<1) is disposed on the 1st layer 4 and a noble metal such as Pd 8 is carried in 
at least one of the 1 st and 2nd layers 4, 6 to obtain the objective catalyst By this 
structure, the noble metal is hardly sintered even at a high hemp, above 800° C in an 
amosphere in which exhaust gas varies and high purification activity can be maintained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st layer which was prepared on the support base material and supported Zr02 on addition or a surface including the 
alumina at least It is prepared on said 1 st layer and is general formula Ln1-xAxM03 (Ce or alkaline earth metal, and M of the rare 
earth metal excluding [ Ln ] Ce and A are transition metals). All are equipped with one sort or two sorts or more, and the 2nd layer 
containing the multiple oxide of perovskite type structure in which it is shown by 0< x<1, and it is said catalyst for exhaust gas 
purification of the 1 st layer and the 2nd layer with which noble metals are supported by either at least 

[Claim 2] The catalyst for exhaust gas purification according to claim 1 with which the heat-resistant oxide with which at least Ce and 
Zr f or the part that contains rare earth metals other than Ce further serves as a multiple oxide or the solid solution at least at said one 
side of the 1st layer and the 2nd layer coexists. 
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)ETAILED DESCRIPTION 



Detailed Description of the Invention] 
0001] 

Industrial Application] Even if it uses this invention at an elevated temperature from 800 degrees C, it relates to the three way 
component catalyst for exhaust gas purification excellent in the purification capacity of a carbon monoxide (CO), a hydrocarbon (HC), 
ind nitrogen oxide (NOx). 
0002] 

^Description of the Prior Art] Utilization is expected as a cheap three way component catalyst for exhaust gas purification with which 
■he multiple oxide which has the perovskite type structure which consists of a rare earth metal, an alkaline earth metal, and transition 
petals purifies CO, HC, and NOx (refer to JP,59-87046,A and JP,60-82138,A). However, the perovskite mold multiple oxide catalyst 
aims at using it below 800 degrees C, and when it is necessary to need high catalytic activity and and it also needs to satisfy the 
endurance in an elevated temperature in a pyrosphere 900 degrees C or more like the catalyst for automobile exhaust, it cannot be 
said as sufficient catalyst That is, it will sinter, if a perovskite mold multiple oxide is used at an elevated temperature 900 degrees C or 
more, and an effective-surface product decreases, and catalytic activity falls remarkably. 

[0003] Moreover, although CO and the purification capacity of HC are excellent, the perovskite mold multiple oxide is a little inferior in 
the purification capacity of NOx, and they are not enough to present practical use as a three way component catalyst for automobile 
exhaust Then, in order to improve NOx purification capacity, it is known that what is necessary is just to make noble metals live 
together in a perovskite mold multiple oxide. On the other hand, the alumina (aluminum oxide; aluminum 203) is known as an 
outstanding wash coat ingredient which can maintain a high specific surface area also in an elevated temperature 900 degrees C or 
more, and is widely used by the precious metal catalyst Then, in order to consider as the three way component catalyst which can be 
used for a long time by high temperature which calls a perovskite mold multiple oxide catalyst 900 degrees C or more, it is made to 
coexist with an alumina and it is possible to add noble metals. 
[0004] 

[Problem(s) to be Solved by the Invention] When a perovskite mold multiple oxide was made to coexist with an alumina and it was used 
at the about 800-degree C elevated temperature in motor exhaust and atmospheric air, it became clear that La under presentation of a 
perovskite structure reacted with an alumina, and generated LaAI03. This LaAI03 does not have catalytic activity, but when this 
generates, the problem by which the perovskite mold crystal structure which was excellent in the catalysis is destroyed produces it 
Then, this invention uses a perovskite mold multiple oxide as a catalyst component and while enabling it to maintain a high specific 
surface area also at an elevated temperature by making it coexist with an alumina, it aims at offering the catalyst suppress [ catalyst ] 
generation of LaAI03 and it was made to maintain a catalysis. 
[0005] 

[Means for Solving the Problem] The 1st layer which the catalyst for exhaust gas purification of this invention was established on the 
support base material, and supported Zr02 on addition or a surface including the alumina at least It is prepared on the 1st layer and is 
general formula Ln1-xAxM03 (Ce or alkaline earth metal, and M of the rare earth metal excluding [ Ln ] Ce and A are transition 
metals), the 2nd layer in which all contain the multiple oxide of perovskite type structure in which it is shown by one sort or two sorts 
or more, and 0< x<1 — having — the 1st layer and the 2nd layer — noble metals are supported by either at least In the desirable 
mode, Ce and Zr, or the heat-resistant oxide that contains rare earth metals other than Ce further and with which at least the part 
serves as a multiple oxide or the solid solution lives together at least in one side of the 1 st layer and the 2nd layer. 
[0006] What is necessary is just to use an alumina and a heat-resistant oxide in the condition (a configuration, grain size, purity, 
specific surface area) same with generally being used as support of a catalyst component For example, more than 20m2/g of specific 
surface area is desirable in order to hold a catalyst component in the high distribution condition. Although especially the ratio of Ce in a 
heat-resistant oxide, Zr, and a rare earth metal is not restricted, Zr constitutes five to 50 atom, and rare earth metals other than Ce 
zero to 100 atom preferably five to 100 atom to 100 atoms of Ce so that it may become the atomic ratio of five to 30 atom. 
[0007] The effectiveness by the alumina or the heat-resistant oxide is maintaining a catalyst component in the high distribution 
condition, also after carrying out long duration use at the elevated temperature exceeding 800 degrees C. Although it can be used as a 
three way component catalyst also in itself [ perovskite mold multiple oxide ], the purification capacity over NOx is a little inferior 
compared with the purification capacity over HC or CO. Then, in order to raise the activity over NOx, little addition of the noble metals, 
such as palladium, was carried out Noble metals are supported by the PUROBUSU kite mold multiple oxide up or the pan also on the 
alumina and the heat-resistant oxide. When the supported noble metals are supported with a deposit condition by high distribution on 
the alumina of high specific surface area which does not react on the other hand, or a heat-resistant oxide by dissolution and a deposit 
phenomenon happening on the perovskite mold multiple oxide which reacts, also at the elevated temperature exceeding 800 degrees C 
under an exhaust gas fluctuation ambient atmosphere, sintering of noble metals cannot break out easily and purification activity is 
maintained by altitude. 



0008] 1 - 80% of the weight of the catalyst whole quantity of the rate of the perovskite mold multiple oxide which is one of the 
;atalyst components in this invention is desirable. If catalytic activity is low and increases more than 80 % of the weight conversely 
vhen fewer than 1 % of the weight, the effectiveness of an alumina or a heat-resistant oxide is hard coming to appear and is not 
lesirable. The configuration of a perovskite mold multiple oxide, grain size, purity, specific surface area, etc. should just be in the 
jondition of usually being used as a catalyst component 

0009] The noble metals which are other catalyst components use one sort chosen from from among Ru, Rh, Pd, Os(es), iKs), and Pt(s) 
>f a platinum group, or two sorts or more. When Pd is used among these noble metals, an NOx purification property improves most The 
amount of noble metals has 0.1 - 2 desirably good % of the weight 0.01 to 5% of the weight to the catalyst whole quantity. Even if 
mprovement in NOx purification capacity is inadequate when there are few noble metals than 0.01 % of the weight and it exceeds 5 % 
Df the weight conversely, NOx purification capacity is saturated. These noble metals are used in the condition (a configuration, grain 
size, purity, specific surface area) of usually being used in the conventional three way component catalyst Thus, the catalyst 
concerning this invention turns into a cheap three way component catalyst for exhaust gas purification which is durable also at the 
Blevated temperature exceeding 800 degrees G. 

[0010] What is necessary is to use the noble-metals salt water solution which prepared pH more greatly than 4 or less and 10, to make 
noble metals sink in or adsorb, to make it support with the process which makes noble metals support among the approaches of 
manufacturing the catalyst of this invention, and just to calcinate after desiccation. In the case of the approach of making pH of a 
noble-metals salt water solution four or less at the process which makes the noble metals live together As a watei-soluble noble- 
metals salt, chlorides, such as PdCI2, PtCI2, and RuCI3.3H20, Dinitro diamine salts of that a water solution indicates strong acid nature 
to be, such as nitrates, such as Pd (N03)2, Ru (N03)3, and Rh (N03)3, Pd(N02)2(NH3) 2, and Pt(N02)2(NH3) 2, etc. are desirable. 
[001 1] In the case of the approach of making pH of a noble-metals salt water solution larger than 10, and supporting noble metals 
Tetrapod amine palladium dichloride Pd(NH3)4CI2 and tetra-amine palladium oxalate (NH3) (OH) Pd 4 [ whether it prepares and uses so 
that aqueous ammonia and an acid may be added in basic water solutions, such as 2, and it may be set to pH>10 and ] Nitrates, such 
as chlorides, such as PdCI2, PtCI2, and RuCI3.3H20, and Pd (N03)2, Ru (N03)3, Rh (N03)3, Or it prepares and uses so that aqueous 
ammonia may be added to aqueous acids, such as dinitro diamine salts, such as Pd(N02)2(NH3) 2 and Pt(N02)2(NH3) 2, and it may be 
set to pH>10. 
[0012] 

[Effect of the Invention] Activity can be maintained without destroying the perovskite mold crystal structure also at the elevated 

temperature exceeding 800 degrees C, since the laminating of the 2nd layer containing a perovskite mold multiple oxide was carried out 

on the 1 st layer containing the alumina supported with this invention on the surface or it added Zr02 and noble metals, such as Pd, 

were made to live together. 

[0013] 

[Example] 

(Example 1) Drawing 1 expresses the partial cross section of the catalyst bed formed on the cordierite honeycomb support base 
material 2. 4 [ layer / 1st ] is formed, on the support base material 2, the alumina processed by Zr02 and heat-resistant Seria 
(Ce0.65Zr 0.30Y0.05) (02 multiple oxide) lived together — on the 1 st layer 4, the same heat-resistant Seria as the perovskite mold 
multiple oxide (La0.8Ce0.2) (Fe0.6Co0.4) 03 and the above lived together — 6 forms the 2nd layer — having — **** — the 1st — 
layer 4 — and the 2nd layer of palladium 8 is supported by 6 as noble metals. 
[001 4] Next how to manufacture the example of drawing 1 is explained. 

Procedure 1 : The ion-exchange-water 50 weight section is added to the gamma-aluminum 203 powder 1 00 weight section of 
pretreatment marketing of an alumina, and is agitated and infiltrated into it Next the zirconium nitrate (ZrO 2-minute wt(s)[ 40.12] %) 
49.9 weight section is dissolved in the ion-exchange-water 50 weight section, and it holds for 30 minutes and is made to agitate in 
addition to 20gamma-aluminum 3 powder which carried out water previously, and to adsorb at 40 degrees C. Then, it is made to dry in 
the oven which carried out the temperature up to 1 10 degrees C. After agitating well every 30 minutes and dispersing moisture, it is 
made to dry at 1 10 degrees C for 12 hours. After calcinating the dry powder at 600 degrees C in atmospheric air for 3 hours using an 
electric furnace, the mortar ground in magnitude of 1 80 micrometers or less, and 20aluminum3 powder which made the front face 
distribute detailed Zr02 was obtained. The weight ratio of aluminum203 and Zr02 was 10:2. 

[001 5] Procedure 2 : The heat-resistant oxide which has used as support with the manufacture alumina and perovskite mold multiple 
oxide of heat-resistant oxide Commercial cerium oxide powder of high specific surface area (2/g Ce02 specific surface area of 130m) 
99.9% of purity and TREO(all rare earth oxides)1 1 1 .9g are prepared. To this, 147.9g (contained 25.0% of the weight by Zr02 conversion 
in liquid density 1.51 and liquid) of oxy-zirconium-nitrate (Zr02 (N03)) water solutions, And 26.0g (contained 21.7% of the weight by 
20Y3 conversion in liquid density 1.62 and liquid) of nitric-acid yttrium (Y(N03) 3) water solutions was added, and it dried in 10-hour 
atmospheric air at 1 10 degrees C, having agitated well and mixing. Then, baking was performed at 600 degrees C in atmospheric air for 
3 hours, and about 150g heat-resistant Seria {(Ce0.65Zr 0.30Y0.05) 02 multiple-oxide} was obtained. 

[0016] Procedure 3 : The preparation approach of manufacture approach perovskite mold multiple oxide (La0.8Ce0.2) (Fe0.6Co0.4) 03 
powder of perovskite mold multiple oxide crystal powder is explained. 103.9g of lanthanum nitrates, 26.1 g of cerium nitrates, 34.9g of 
cobalt nitrates, and 0.31. of water solutions which dissolved 72.7g of iron nitrate in pure water were prepared. Next 0.51. of water 
solutions which dissolved 50g of sodium carbonates as a neutralization coprecipitater was prepared. The neutralization coprecipitater 
was dropped at the previous water solution, and the coprecipitate was obtained. The vacuum drying was carried out after rinsing the 
coprecipitate enough and filtering it This was ground after baking in 3-hour atmospheric air at 600 degrees C, and it calcinated in 3- 
hour atmospheric air at 800 degrees C after that and ground further, and the powder of O(Fe(La0.8Ce0.2)0.6Co0.4) 3 was created. 
[0017] Procedure 4 : The aluminum203 powder 100 weight section [ finishing / Zr02 processing ] obtained in the support procedure 1 
of an alumina, the heat-resistant Seria powder 50 weight section obtained in the procedure 2, the alumina sol (aluminum20 3-minute 
wt(s)[ 10.23] %) 40 weight section, and the aluminium nitrate water-solution (what dissolved the aluminium nitrate 7 weight section in 
the pure-water 8 weight section) 15 weight section were mixed with the pole mill with the pure-water 97 weight section for 12 hours, 



ind the slurry was obtained. The excessive slurry was blown off and homogeneity was coated, after making this slurry flow into a 
jordierite honeycomb. After drying the honeycomb behind a slurry coat at 1 20 degrees C for 1 2 hours, in air, it calcinated for 1 hour 
ind 250 degrees C of alumina support honeycombs were obtained. The amount of support containing an alumina of the 1st layer was 
iO weight sections per honeycomb capacity of 1 1. This condition is in the condition with which an alumina [ finishing / Zr02 
>rocessing ] and heat-resistant Seria coexisted on the support base material 2 of drawing 1 in which 4 [ layer / 1 st ] was formed. 
0018] Procedure 5 : The perovskite mold multiple oxide powder 75 weight section obtained in the support procedure 3 of a perovskite 
nold multiple oxide, The heat-resistant Seria powder 15 weight section, the ceria sol (solid content 10wt%) 50 weight section (the solid 
content 5 weight sections) which were obtained in the procedure 2, And it mixed, while the ball mill ground the zirconia sol (solid 
content 30wt%) 3.3 weight section (solid content 1 weight section) with the pure-water 48.7 weight section for 1 2 hours so that total 
solids might become 50wt(s)%, and the slurry was obtained. The excessive slurry was blown off and homogeneity was coated, after 
naking this slurry flow into the alumina support honeycomb obtained in the procedure 4. After drying the honeycomb behind this slurry 
Doat at 120 degrees C for 12 hours, the honeycomb-like sample which calcinates at 600 degrees C among air for 3 hours, and has the 
support layer (the 2nd layer 6) of a perovskite mold multiple oxide and the heat-resistant Seria coexistence on an alumina support 
ayer (the 1 st layer 4) was obtained. The support layers of a perovskite mold multiple oxide and the heat-resistant Seria coexistence 
/vere 90 weight sections per honeycomb capacity of 11. 

[0019] Procedure 6 : 38 weight sections measuring of the support palladium nitrate solution (Pd concentration 4.4wt%) of noble metals 
Pd was carried out so that it might become the 1.67 weight section by part for Pd, the ion-exchange-water 50 weight section was 
added, and it prepared to pH<2 (an actual measurement is pH=1.8). It was immerseU the honeycomb-like sample obtained in the 
procedure 5 in this palladium solution was held at 40 degrees C for 2 hours, and Pd was made to adsorb. Then, after making it dry at 
1 20 degrees C for 1 2 hours, it calcinated at 600 degrees C in air for 3 hours, and the catalyst sample of drawing 1 was obtained. 
[0020] (Example 2) Drawing 2 expresses the 2nd example. The 2nd layer is different at the point which consists of that with which the 
thing on the 1 st layer 4 with which the alumina on the cordierite honeycomb support base material 2 processed [ Zr02 ] and heat- 
resistant Seria coexisted as compared with the example of drawing 1 with which 10 supported the palladium 8 of noble metals to 
PEBUSU kite mold multiple oxide powder, and heat-resistant Seria coexisted. 

[0021] Next, the manufacture approach of the example of drawing 2 is explained. Palladium is beforehand supported with this example 
to the perovskite mold multiple oxide powder obtained in the procedure 3 of an example 1 . As the approach, 38 weight sections 
measuring of the palladium nitrate solution (Pd concentration 4.4wt%) was carried out so that it might become the 1.67 weight section 
by part for Pd, the ion-exchange-water 50 weight section was added, and it prepared to pH<2 (an actual measurement is pH=1.8). The 
perovskite mold multiple oxide powder 75 weight section and the pure-water 20 weight section which were obtained in the procedure 3 
were added to this palladium nitrate solution, and it agitated enough, and held for 30 minutes at 40 degrees C. Then, after drying at 120 
degrees C for 1 2 hours and calcinating at 600 degrees C among air for 3 hours, continuing churning, the agate mortar ground and a 
180-micrometer mesh was passed. The palladium added to the perovskite mold multiple oxide powder 75 weight section is equivalent to 
the 1.67 weight section by part for a metal. After forming 4 [ layer / 1 st ] in the support base material 2 like the procedure 4 of an 
example 1, in the process which forms the 2nd layer in the procedure 5 of an example 1, 10 [ layer / 2nd ] was formed using Pd 
addition perovskite mold multiple oxide powder which replaced with perovskite mold multiple oxide powder, and was obtained in the 
above-mentioned procedure, and the honeycomb-like sample of drawing 2 was obtained. 

[0022] (Example 3) Drawing 3 expresses the 3rd example. The layer which made the alumina with which the 1 st layer of Zr02 
processing is not made as 12, and heat-resistant Seria live together is formed on the support base material 2, and Zr0214 is supported 
by the surface, a perovskite mold multiple oxide and heat-resistant Seria were made to live together on 1st layer 12 — 6 forms the 
2nd layer — having — the 1st — layer 12 — and the 2nd layer of the palladium 8 of noble metals is supported to 6. 
[0023] The manufacture approach of the example of drawing 3 is explained. When coating the support base material 2 with the 1st layer 
in the procedure 4 of an example 1, it replaced with alumina powder [ finishing / Zr02 processing ], and alumina support honeycomb 
support was obtained using 20gamma-aluminum 3 unsettled powder. Next, this alumina support honeycomb was immersed in the 
solution which added the pure-water 378 weight section to the oxy-zirconium-nitrate (Zr02 (N03)) water-solution (it is 25.0wt(s)% by 
liquid density 1.51 and Zr02 conversion) 72 weight section, and the whole quantity of a solution was made to stick to it then, the 1st 
layer 12 top with which it is made to dry at 120 degrees C for 12 hours, it calcinates at 600 degrees C for 3 hours, and an alumina and 
heat-resistant Seria coexist — ZrO two-layer — the honeycomb-like sample in which 14 was formed was obtained. Using this 
honeycomb-like sample, the procedure 5 and procedure 6 of an example 1 were performed one by one, and the catalyst sample of 
drawing 3 was obtained. 

[0024] (Example 4) Drawing 4 expresses the 4th example. 1 2 is the layer with which an alumina and heat-resistant Seria coexisted as 
well as drawing 3 , and is supporting Zr0214 [ layer / 1st ] on the surface. 1st layer 12 top — the 2nd — as layer 10 — drawing 2 — 
the same — the layer with which what supported palladium to perovskite mold multiple oxide powder, and heat-resistant Seria 
coexisted is formed. The method of manufacturing the example of drawing 4 can form layers 12 and 14 by the same actuation as an 
example 3, and can carry them out by combining actuation of the 2nd-layer 10 formation of an example 2 on it 
[0025] (Example 5) Drawing 5 expresses the 5th example. 4 [ layer / 1st ] is the coexistence layer of the alumina processed [ Zr02 ] 
and heat-resistant Seria which were formed on the support base material 2 as well as the example 1. a perovskite mold multiple oxide 
and heat-resistant Seria lived together on it — 6 [ layer / 2nd ] is formed. The 1 st layer of palladium 8 is supported by 4. In the 
manufacture approach of the example of drawing 1 , the example of drawing 5 can be manufactured, if the 2nd layer of the formation 
sequence of 6 and support palladium 8 is replaced. 

[0026] (Example 6) Drawing 6 expresses the 6th example. The structure of the 1st layer is the same with the example of drawing 3 , 
and Zr0214 is supported on the coexistence layer 12 of the alumina with which Zr02 processing is not made, and heat-resistant 
SERUA. The coexistence layer 6 of a perovskite mold multiple oxide and heat-resistant Seria is formed as well as the 2nd layer of 
drawing 5 on the 1st layer 12. The 1st layer of palladium 8 is supported by 12. The example of drawing 6 can be manufactured by 
performing the 1 st layer of formation of 1 2 and 1 4 according to the example of drawing 3 , and performing the 2nd layer of formation of 



according to the example of drawing 5 with support of palladium 8. 

0027] (Example 7) The 7th example removes the 1 st layer of the 2nd layer of heat-resistant Seria from 6 with 4 in drawing 1 . The 2nd 
ayer is the formation procedure of 6, it can omit 4 and adding heat-resistant Seria, respectively, and the 1 st layer of the example of 
(rawing 7 can be realized by the production process of the 2nd layer by [ of the example of drawing 1 ] making the amount of 
lerovskite mold multiple oxide powder into 90 weight sections. 

0028] ((a) The example of a comparison) The example a of a comparison supports palladium in the coexistence layer of the alumina 
vith which a perovskite mold multiple oxide, heat-resistant Seria, and Zr02 processing are not made. The example a of a comparison 
;an skip procedures 1 and 4 in the example 1, and can manufacture them by adding the alumina 60 weight section by which Zr02 
processing is not made in the procedure 5, making pure water into the 1 08.7 weight sections, and making the support layer of a 
jerovskite mold multiple oxide, heat-resistant Seria, and alumina coexistence into the 180 weight sections per 11. of honeycombs. 
0029] ((b) The example of a comparison) The example b of a comparison supports 20Pt-Rh/aluminum3 catalyst which is a catalyst for 
iutomobiles already put in practical use to cordierite honeycomb support The Pt-Rh content was the 0.54 weight section. The catalyst 
specification of an example and the example of a comparison is shown in Table 1, and the measurement result of each catalytic activity 
s shown in Table 2. Table 2 shows 50% purification temperature after the first stage and a durability test 
;0030] 
Table 1] 
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[0032] Measurement and the durability test of catalytic activity were performed as follows. 

Activity was measured for each sample supported by the measurement honeycomb-like (number of eels 400-/inch 2) cordierite 
support (the diameter of 30mm, die length of 50mm) of catalytic activity by the following model gas. The inlet gas temperature to a 
catalyst shows gas temperature, it carries out a temperature up from a room temperature, and makes purification temperature 
temperature to which each of NO, CO, and HC (C3H6+C3H8) fell to 50% of initial concentration 50%. 

[0033] Moreover, rich gas and lean gas were switched for every second, respectively. Space velocity (SV) of the gas stream which 

passes along a catalyst was made into 30,000-/time amount 

[0034] 

Rich gas Lean gas CO 2.6 % 0.7 % HC (C1 conversion concentration) 0.19% 0.19% H2 0.87% 0.23% C02 8 % 8 % NO 0.17% 0.17% 02 0.65% 
1.8 % H20 10% 10 % N2 Remainder Remainder [0035] The rich gas and lean gas of the durability test above were switched every 5 
seconds, it repeated at 900 degrees C for 30 minutes, the cycle of 30 minutes was repeated 15 times at 750 degrees C, and the 
durability test was performed. Catalytic activity was measured by the aforementioned approach also after the durability test 50%, each 
catalyst by this invention has low purification temperature, and excels the example of a comparison in catalytic activity. Moreover, 
although LaAI03 (JCPDS card No.31-0022) which the perovskite mold multiple oxide and alumina which are a catalyst component 
reacted, and was produced was detected in the example a of a comparison as a result of measurement by the X diffraction of the 
catalyst after a durability test LaAI03 was not detected from the measurement result of each example. 
[0036] When CO and the NOX purification engine performance are raised and are further supported also in a lower layer by 
concentrating only on the maximum surface and supporting, HC purification engine performance of Pd improves. Especially when it 
supported only in a lower layer, HC purification engine performance improved. The perovskite mold multiple oxide and the alumina were 
divided into another layer, and were formed, the reaction of a perovskite mold multiple oxide and an alumina was prevented by making 
an alumina particle front face or an alumina layer top face distribute Zr02 further, and it became clear that catalytic activity could 
maintain also at an elevated temperature. 
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DESCRIPTION OF DRAWINGS. 



Brief Description of the Drawings] 

Drawing 1] It is the important section sectional view of the 1 st example. 
Drawing 2] It is the important section sectional view of the 2nd example. 
drawing 3] It is the important section sectional view of the 3rd example. 
Drawing 4] It is the important section sectional view of the 4th example. 

"Drawing 5] It is the important section sectional view of the 5th example. | 

1 Drawing 6] It is the important section sectional view of the 6th example. \ 
[Description of Notations] i 

2 Support Base Material 

4 1 st Layer with which Alumina Processed Zr02 and Heat-resistant Seria Coexisted 

6 2nd Layer with which Perovskite Mold Multiple Oxide and Heat-resistant Seria Coexisted 

8 Supported Palladium _ , , ' , . , . . . 

10 2nd Layer with which what Supported Palladium of Noble Metals to Perovskite Mold Multiple Oxide Powder, and Heat-resistant i 

Seria Coexisted 

12 Layer with which Alumina Which is not Processed ZK)2 and Heat-resistant Seria Coexisted 
14 ZrO Two-layer 
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